System of Forces 


When several forces act in a given situation, they are called system of 
forces or force system. Force systems can be classified according to the 
arrangement of the lines of action of the forces of the system as follows: 

• Collinear: All forces of the system have a common line of action. 

• Concurrent, Coplanar: The action lines of all the forces of the system are 
in the same plane and intersect at a common point. 

• Parallel, Coplanar: The action lines of all the forces of the system are 
parallel and lie in the same plane. 

• Nonconcurrent, Nonparallel, Coplanar: The action lines of all the forces 
of the system are in the same plane, but they are not all parallel and they 
do not intersect at a common point. 

• Concurrent, Noncoplanar: The action lines of all the forces of the system 
are intersect at a common point, but they are not all in one plane. 

• Parallel, Noncoplanar: The action lines of all the forces of the system are 
parallel and but they are not all in the same plane. 

• Nonconcurent, Nonparallel, Noncoplanar: The action lines of all the 
forces of the system do not all intersect at a common point, they are not 
parallel, and they do not lie in the same plane. 

Resultant 

The resultant of a force system is the simplest force system which can 
replace the original system without changing its external effect on a rigid 
body. The resultant of a force system can be: 

• a single force 

• a pair of parallel forces having the same magnitudes but opposite sense 
(called a couple) 

• a force and a couple 

If the resultant is a force and a couple, the force will not be parallel to the 
plane containing the couple. 



Procedure for Analysis 


Problems that involve the addition of two forces can be solved as 

follows: 

Parallelogram Law, 

* TWo “component " forces F| and Fj in Fig. 2-10u add according lo 
the parallelogram law; yielding a resultant force lethal forms the 
diagonal of the parallelogram. 

* If a force F is to be resolved into components along two axes a 
and v. Fig. 2-lOfr, then start at the head of force F and construct 
lines parallel to the axes, thereby forming the parallelogram,Hie 
sides of the parallelogram represent the components. V u and F„. 

* I Jtbel all the known ami unknown force magnitudes and the angles 
on the sketch ami idea Lily the two unknowns as the magnitude and 
direction of FjfjOr the magnitudes of its components. 

Trigonometry. 

* Redraw a half portion of the parallelogram to illustrate the 
triangular hcad-lo-tail addition of the components, 

* From this triangle, Ihe magnitude of the resultant force can be 
determined using the lawofcosines,and ils direction is determined 
from Ihe law of sines, Ihe magnitudes of two force components 
arc determined from the law of sines, “Ihe formulas are given in 
Fig. 2-10c. 





Qminc law: 

C ■‘M* + jfl 2A8mf 
Sinu law: 



(<» 

FiR. 2-10 







I He i*t lew eye in lip, 2 I In aw NUtyetted to two forces. F ( and V } . 
Determine the magnitude iuul direction of (lie resultant force. 



SOLUTION 

ParaJUIogram Law. Die parallclop.rum IK formed hy drawing tt line 
from the head ol F ( dial is parallel to F ? , and another line friun the 
head ol that is parallel to Fj lllc resultant forte F* extends to where 
these lines Intersect at point A, l ip 2 I IMHc two unknowns arc (lie 
magnitude of F* and the angle $ (theta) 

Tngonomatry From Use parallelogram, the vector triangle b 
constructed. 1% 2 lie. I 'stop the law of cosines 

ft \A 1(10 N) ; t (ISO N) J 2< 100 NX ISO N) con II V 
■ VlOUW ♦ 22 .VK) WUItH 04226) =» 212.6 N 
• 2HN Am 


Applymp the law ol sines to determine 6, 


ISON 212 ft N 
sin (I sin II V 


Mill) 



(Kill IIV) 


IHux, the direction <6 (Hit) of I*, measured Inmi the horizontal, is 



(0 

lit. Ml 


4 > - M,8" ♦ I5.<r ■ S4.H" Ann 

NOTE: I He results seern reasonable, situ e lip. 2 11/» show* I* to have 
a magnitude larger I turn its onm|M>oenlx and a direction that is 
between them 











Determine the magnitude of the component force F in Fig, 2-13a and 
the magnitude of the resultant force F* if F w is directed along the 
positive y axis. 




tig. 2-13 


F* 


SOLUTION 

Tile parallelogram law of addition is shown in Rg. 2-1JA. and the 
triangle rule is shown in Fig, 2-13o,Tho magnitudes of F* and F are the 
two unknowns.They can he determined by applying (tie law of sines. 


F _ 200 lh 
sin f»0“ sin 45" 

F ~ 245 lh Am. 

F)t _ 200 lh 
sin 75° sin 45° 

Fg = 273 Hi Am 











= 60 N 
P = 40 N 


SAMPLE PROBLEM 2.1 


The two forces P and Q act oil a bolt A. Determine their resultant. 



Trigonometric Solution. The triangle rule is again used; two sides and the 
included angle are known. We apply the law of cosines. 

R 2 = p 2 + Q 2 - 2 PQ cos B 
H 2 = (40 N) 2 + (60 N) 2 - 2(40 N)(60 N) cos 155° 

R = 97.73 N 

Now, applying the law of sines, we write 


sin A _ sin B sin A _ sin 155° 

Q ~ R 60 N ~~ 97.73 N 


( 1 ) 



Solving Eq. (1) for sin A, we have 


sin A = 


(60 N) sin 155° 
97.73 N 


Using a calculator, we first compute the quotient, then its arc sine, 
and obtain 

A = 15.04° a = 20° + A = 35.04° 

We use 3 significant figures to record the answer (cf. Sec. 1.6): 


R = 97.7 N ^35.0° ◄ 



SAMPLE PROBLEM 2.2 


A barge is pulled by two tugboats. If the resultant of the forces exerted by 
the tugboats is a 5000-lb force directed along the axis of the barge, determine 
(a) the tension in each of the ropes knowing that a = 45°, (h) the value of a 
for which the tension in rope 2 is minimum. 
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Trigonometric Solution. The triangle rule can be used. We note that the 
triangle shown represents half of the parallelogram shown above. Using the 
law of sines, we write 

T] T< 2 5000 Ih 

sin 45° sin 30° sin 105° 

With a calculator, we first compute and store the value of the hist quo¬ 
tient, Multiplying tins value successively by sin 45’ and sin 3Q D , we obtain 

Tj = 3660 lb T 2 = 2590 lb 4 


b, Value of a for Minimum To determine the value of a for winch die 
tension in rope 2 is minimum, the triangle rule is again used. In the sketch 
shown, line 1-1 f is the known direction of T|. Sc vend possible directions of Tj 
are shown by the lines 2-2\ We note that the minimum value of T 2 occurs 
when T| and T a are perpendicular The minimum value of T* is 

T t = (5000 lb) sin 30° - 2500 lb 
Cor res pon ding values of T t and o are 

T, = (5000 lb) cos 30° = 4330 lb 
« - 90" - 30" 


c* “ 60 n 4 

































